ABSTRACT: Experimental analysis on the effects of atmospheric Pollution and environmental degradation on the electrical properties of un-protected high tension cables, using copper and Aluminum wires of various diameters as case study, has been advanced. The analysis of the various data obtained in the course of the experiment, using the Aitken Interpolation model, shows that exposure of electrical conducting cables to humid, highly polluted and toxic atmosphere, decreases the I -V (current -voltage) characteristic as well as the conductivity of the cable due to increase in the amount of degradation and weight losses. Further analysis indicates that thicker cables suffer less degradation and power loss compare to thinner ones. @JASEM
In recent times, environment and its associated problems have been a major concern to different categories of persons and interest groups. Chiefly, because environmental pollutions, which might occur either as a result of the discharge of dangerous chemical into the atmosphere as effluent or the deposition of organic matter into the water bodies and soil, have resulted in server economics and human lost to both the developing and industrial worlds. For example a satellite Memorial report published in 1978 indicates that corrosion cost United States 8.2 billion dollars, which is a 4.9% of her gross national income, on equipment and facility maintenance (Ebiogwu, 1992 , Johnson, 1992 and Brikby et al, 1999 .
Therefore, due to the increasing effects of industrial pollution on the environment [Dawson and Turner (1988) , Nelson and Stile (1988) and Abbey et al (2003) ], several researchers have devoted a great deal of attentions to the study of the impact of environmental degradations on several forms of human activities. Abbey et al (1997) for example, presented a mathematical model on the effect of pollutant oscillations on oil spreading on the sea as away of simulating the hazard that might occur due to an asymmetrical, night-time, oil spillage on the sea. On the other hand, Bansal (1976) considered the effect of industrial pollutants on natural streams and big blue rivers when the source is instantaneous. Amens (1988) , Cleary (1976) , Mckelliget et al (1982) and Wenk and Fochtman (1972) have in their various ways presented models to simulate the effects of pollutants transport in rivers. In a similar development, Owate et al (1999) shows that the release of hydrocarbon substances into the atmosphere, which resulted in the formation of acid rain, in-hibited the electrical properties of some exposed appliances. Similarly, Chinemeran (1989) investigated the effect of environmental degradation on silicon semiconductor wafers and observed that, changes in the environmental conditions resulted in the variation in the number of charge carriers present in the semiconductor. Others such as, Ezeh (1992) , Akpan et al (1992) , Triki et al (1992) , Allen and Hilbert (1992) , Cookey and Okongwu (1992) , Owate (1992) and Owate and Akpata (1998) have examined respectively the impact of oil field corrosion on the resistance of Alumina and Aluminium nitride materials.
In all the above studies, none have examined the effect of oil field industrial pollution and acid rain resulting from gas flaring on the electrical properties of high tension cables. This present study, following Owate et al (1999) is intended to addressed this problem. To embark on the investigations, the required corrosive medium shall be prepared from polluted water obtained from a highly polluted oil field environment. Electrical cables of known diameter and resistivity will be immersed into the medium for a couple of weeks and thereafter a current -voltage measurement will be carried out.
The following format is adopted in the report of the experimental analysis. Section 2 deals with the materials and methods which include the I-V measurement procedure, while section 3 present the results and their analysis Section 4 on the other hand presents the quantitative discussion of the results.
MATERIALS AND METHODS
Sample Collection and Preparation: Metals, particularly copper, are mostly used as electrical cables due to their unique electrical properties. Therefore, coils of copper and Aluminum wires with fairly uniform cross-sections of diameters 8 and 10mm respectively were obtained from Cables and industrial Supplies Limited. The Cables were striped of its protective coating and sectioned into a length of 100cm each and thereafter washed in warm water and subsequently rinsed in de-ionized water and in ethanol solution in order to get rid of all form of impurities that could contribute to the mass of the sample. The samples were later airdried for twenty minutes after the cleansing processes outlined above following the method in Owate et al (1999) .
The expected corrosive media were prepared by adding 1 molar solution of concentrated sulphuric acid (H 2 SO 4 ) and 2 molar solutions of concentrated hydrochloric acid (HCL) to every 1litre (1000cm 3 ) of effluent water obtained from a highly toxic and polluted oil field environment in the Niger Delta of the Nigeria Nation State. The final solutions were later exposed to the atmosphere for a period of two months (60 days) in order to enhance the absorption of oxygen, carbon-dioxide and other trace of gaseous substances in the atmosphere.
At the expiration of the 60days of exposure, a chemical analysis was carried out on the exposed solutions using the atomic mass absorption photospectrometer. The analysis reveals the presence of the following substances, in the exposed corrosive medium. Finally the 100cm length pieces of wire (samples) were weighed, using electro-sensitive balance and the mass (m) before exposure to the corrosive medium determined. The weighed samples were then immersed in the prepared corrosive solution (medium), contained in a bath, for a period ranging from 30days to 180days. Some of the immersed samples (soaked cables) were subsequently transferred, after the completion of their immersion period, into another bath of pure water and allowed to re-soaked for 30minutes. This is done possibly, to quench or reduce the burning effect of the acidic medium on the wire. The I.V. Measurement: The three categories of samples, namely, the controlled samples (unsoaked), the samples immersed in the corrosive medium (the soaked) and those that were reimmersed in water for 30minutes, (the re-soak) were all subjected to the current-voltage measurement using the electrical circuit arrangement shown in Figure 1 . The pd, that is the voltage drop (v) across each piece of sample was pre-set on the voltmeter (Vm) using the rheostat (Rh) and the corresponding current (I) registered on the Ammeter (A) recorded. The results of the measurement are as presented on Tables (1) for both the controlled, the soaked and the re-soaked samples respectively. as in Owate et al (1999) , where ρ o is the density of the exposed sample, ∆t, the time of immersion or exposure in the corrosive medium and A = 4 2 d π is the cross-sectional area of the wire while d is its diameter. The result for the mass (m), weight loss (∆W) and corrosion rate (γ) for the 8 and 10mm samples are as shown on Table 2 The Interpolation (Trend) Analysis: To predict the trend of the degradation of the electrical properties of the cables under the influence of hazardous medium, an interpolation analysis is carried out on the data presented on Table 3 . The Aitken Lagrangian interpolation technique, which has been widely used, elsewhere following Jain et al (2004) is adopted to fit the trend for the weight loss, corrosion rate and the electrical conductivity as a function of time of exposure in the acidic medium. The analysis shows that the data on Table 3 can be interpolated using a relation of the form:-
while N is the number of entries on the (2) and (3) the data on Table 3 have the following trend
where the constants: a k , k = O, 1,2 … 6 for the interpolating functions F i (τ ) are as presented on Table 4 for the corrosion rate ( γ ) and electrical conductivity ) (δ respectively. 
DISCUSSION
The main thrust of this study was to investigate experimentally the effect of environmental unfriendly atmosphere on the electrical properties of high tension cables. To this end, Copper and Aluminum wires of various sizes were exposed to hazardous medium, which was prepared by a mixture of 1mole of sulphuric acid (H 2 SO 4 ) and 2 moles of hydrochoric acid. (HCL) with 1litre (1000cm 3 ) of effluent water obtained from Obagi, a highly polluted oil field environment, for a period of 30,60, 90, 120, 150 and 180 days respectively. The I-V, measurements presented on Tables 1 indicate that the current (I) of the samples decreases with increase in the exposure time. Table 3 and figures 2 and 3 revealed that the mass, weight loss as well as the corrosion rate increase as the duration of exposure of the sample in the corrosive medium increases. However, the electrical conductivities are observed to exhibit opposite trend as these decrease with increase in the number of days of exposure. The investigation further reveals that although the cables experience a decrease in the I-V characteristic, but its normal Ohmic's behaviour, which is usually associated with metallic conductors still maintained. That is, the exposed cables were observed, during the I-V analysis to exhibit the normal linearity variation pattern typical of electrical conducting wires. A regression analysis gives the linearity relation as I = gv + C, where g is the conductance of the cable and C is a constant, which in actual case should be zero, but with the effect of the hazardous medium. C is observe not to be equal to zero (i.e. C ≠ 0) in this case.
As observed in the case of Dawson and Turner (1988) , Nelson and Stile (1988) , Darry and Spear (1992) and Brikby et al (1999) . The gradual and systematic eating away of the cable surface results in mechanical and electrical damaged. The power loss or D-factor analysis, indicated on Table ( 2) shows that the corroded cables exhibited high magnitude of power lose as a result of high current leakage due to the effect of skin friction created on the wire during the corrosion process. Consequently, the electrical conductivity and conductance of the exposed cables as shown in figures (2), (3) and (4) decreases with increase in the rate of corrosion.
This phenomenon was observed for both the soaked and the Re-soaked samples. However, the re-soaked samples were observed to exhibit a higher trend of electrical properties than the completely soaked ones. This difference is attributed to the formation of thin oxide layer on the Secondly, the decrease in the conductivities of the samples can easily be explained base on the thermodynamics and reaction kinetic principles of metals in contact with corrosive systems. That is, the mechanism of metallic corrosion requires that the metal in question be oxide first in the presence of another system that has ability to accept electrons released from metal surface. It follows that if a metal is less active than the system in which it is in contact, there will be no transfer of electrons and as such the metal will not corrode.
The D-factor analysis shows that the hazardous medium used for the investigation was a noble one, that is, a system or medium that is less active compared to the copper wire. This enable the transfer of energy to the solution, thereby facilitating the corrosion process and subsequently mass and weight lose observed. Generally, the interpolation analysis, shown in figures (2), (3) and (4) are in good agreement with the experimental data. The trend show that for a prolong period of exposure, the cables experience passivation, and this leads to the stabilizing and set back effects observed in the experimental results. 
